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Y (57) Abstract 

A CDMA demodulator which is improved m interference canceling effect even when signals are sent from 
many communicators. The demodulator receives signals sent from a plurality of communicators and having a frame 
structure in which a pilot signal having a known pattern is inserted between information signals at regular time intervals. 
The demodulator includes interference cancellers which demodulate the data transmitted from the communicators, and 
estimate interference signals. The demodulator estimates the variation of each path of the channels, performs the 
demodulation of received data, and estimates the interference signal replica. The errors of the interference signal 
. replica decrease as the data pass the interference cancellers, producing a marked interference canceling effect When 
the interference cancellation is executed after detecting the reception level of each channel from the total sum of the 
received electric power of the paths of the channels and determining the ranks of the channels in order of reception 
level, a further marked interference canceling effect is exhibited. 
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iOfiif uyj * SjO) 14, a-f2 0j(l*#2 0 
4-2 Ktt»S*t, SS&2 0 3 - 2 i:ioTII?ii/;§Mtff S 
**e>»***t4 0 Z<Dtztb, f£ 2 i-fO ICU210-2I4, 

-5>©fll© I CU 2 1 0 feHSIOflJjaSr^rLTV^o 4 /c, m<0=f-&** 
>-feJMRl 0 7 StiVl 0 8 *>n«0«jKT*4>o 

***««)ttf^*K9|-r*o 7 7f h7^u?l 0 311, #A--»fO# 

&o Stl/^^lflS 1 0 4J4, #J---f^lL RAKEMt^iTJl/ 
4SC£M->Mt27**a4o 9 ^^fflU 0 5 14, $fffl 
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-> V r ;v * -v > -t 1 0 6- 1 0 811, v > ^ o±o - <b m# 
KtMM&afcfrdo ft 1 5>*>T8I>** >-t;vg|5 1 0 6£>ifrffc(4, 

I C U 2 1 0 - 1 14, A-Hf 1 ©fi^fl/^'J ^S^^lSti. 

t5 0 PCHE2 1 Oil, 16 Kjj*-*v<>f □ * b v>**;i/-C&£ix*:ii$R 

**;uo|S|ffi^<o^:§ $ £j^U *a«U4-5-ttibWi£^^<o^:# $ *^i- 0 
Pi .ttfPi+i f4, #/t/fn? f , />#*KHt s F*WtLt*»fc^'fn? 
b v>**;vo§<ifir;ffi^^ b A'Sr^-fro ftfllLl J4, n y b s s>tfju 
©Mtfcffl'**' b^Pi jsitfPi+i £, 1ff9H^>^Ji/|Sncflli^nmn 
LT#e>*tfc1ttllfC**o ^Mi'Sl, S2, . . . 14, COrtfiiffiHJ: 
ioTijglfc, b;u*^i- 0 AMLCl f4, 

4*to B 7 K^i-J: -5 #/<-f n y b -> >sKJUKNJK*Mt*S«ffi* 

*^ife^J-C{4, ^i9^qn-> b -^tf/Mc J: 4iMISEl&©*j£*, 
Tv>J. 4H, /<-rn? bv>*K>KZ>Jf AH8PSI4, ^KOffiffiKlbKiaa 
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««*>>#>i'«>tt*itflt*fTdo r a k e 2 1 4i±, tamm® 

2 1 5 14, R AKE-S-dtSjJtfcfc-*-*, |£g!J • «jg L TSt 
t*-* U^'JA4i«t4, * * JnSB 2 1 6 l±. ®%.7>-?iZ. 

OL-Hf 2 Cov^^MtMtio =F8*«*S2 0 4-2J4, 
$MJ£tfc#-^S75^^--fl <V=FWm*tl'-7 l ) *Si(D £HL3Ko I C 
U210-2I4, ICU210 h IHfilH LT, a— V 2 S2O) * 

i-f2©i cu2 1 0-2 ^<Dxt)m^\t, 

J£tMl-^S tifclfcLT, SIR (Signal-to-Interference ratio) < ! |6|J:LT 
v>^ 0 d*U4, S -9* 1 <r>^^\yf^) iJ S 1 (OSrMb5l 

v^Tv^^** PltllH, g k f 1 oa-f(0 I C U^<0 ASJifli, 

(k-i) #g^- j tfoT^M-^i'-/';* (ffi^uyj*) 

* <r>i&ft £ g L 3 1 v^tzm^r \z *t L x t- 9 tl^I * fx >> „ 

^2 Af-/«Wt l 0 7li, ^1 X x - ¥<r>T&* * y 

1 0 6 t Httrc, i-Hf 1 *»?>is*ttii»a*fTdo 

— 9*10 1 CU 2 3 0 - 1 14, *&S«e*#*Lfc£«flr»Sd*&*l 
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+-+S M (,) =SrHL5|v^cm-ttcov>-c, ICU2 1 0-1 tmm^LX. 

H2^f-y©a-f2(7)I CU 2 3 0 - 2 fe, i2^f-m)6t 

iMa-fif^.lMl/yj * t<D&m. Si< 2 ) H-Sa^) + — +S 
m (1 > t$if*Sd ^ibML^Iv^^M-^^^LT, Profits £*tv^ ^ 
2a-f(?) : FiftI/y'J*^*»4„ $<bC, §Mi-fOICU2 3 

Si(2) + S 2 < 2 > +-+S M -i (2 > **M-*Sd *&£L3lv»fc«-J§-fc#LT, 

ott«iue*fT7 jftT**o ci^&k «t*ui\ ^g*** :'-fcJ^g^so;*•7- 
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V»T, ^l^lix Eb/No(energy per bit to noise spectral density) S:7JnL> $1 
it&tfe L tz sU n y f -> > ** /u £ jf fg y > ;u E ffl ft 1$ « K L T , 

* -r - S>-e&i§ Ktefl? L T v»* tt 1 X o 
2&3Uilii:A,^if;&nL£v> 0 2 Eb/No ri* 1 0 d B <Dtt'&X&, 

*ft : im'&<r>i>v>titwt.Lxiii-rr i 7yx$>2> 0 wiz&\,*x, 

(l-a) IW^i^i^if Ltv^„ 

i^i^i:, Eb/NoriM OdB©#Stli, *S£^tf>i* »3 ?£l±, Jom 2 ?^ 
it-tz i><nti£WiLx. m 1 /6 eu^LTw*. 

*£-C**o -t fcfr*>, looicut«f&*T«»|jSLttffltiii:i: 
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m i o icjsnT, A*3g^-3 o i izxiiztitzgm&WLm-^sit. 

U 3 0 3 K&l&Stt&o 3 0 3 li, ^ * * ^ 7 > * > ^SB 1 0 5 3* 

«>«»**t*A— *f«»«-9- >^r>^M#) *>*I«TT, M 

iHt LT^tg-r-So -T£fc*>, EI 5 02, 203^«tU f 2 

2 3 \ZW&-rz> 0 itz. fiitlLSS3 0 4 li, EI 5 A«fM«S2 0 4 
2 4 KWJSi-* twc % ^*'J 3 0 3 frt?mfrtii2tifzW;nm-% 

* Sr^-TSo ICU3 1 Oil, CU2 1 0 ^ «t tfg] 5BOI 

CU2 3 0 4 tOT, T»*#S3 0 4 OtUi K*f t T, -^-V* 

mm^r^-f') iJ tmij-fZo :Ut, ICU3 lOli, 

■f-^y;*^^U 3 0 5 ir#§jitf 0 

Hifefl!3 

HIl Hi, M9l(cJ:«CDMAttfll3feSO«3%ttM^^tt4»« IC 

UflOV7fh7U^, PCHE n y b ^> /i^ft^t 
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MAT* i"** J: 5f t^^7 a5eT^l^7 p '; * 

*>&jftfc2f©Jfi8MU MB#BJTA4SlcfTte& < T li & f> v> 0 

^ itS OH 314:^1-^:}' WHS-e&So 13 1 Softie m 7 OtoS i:J* 

-f-l^y; S*fc£L3l <^i:t:J:ot, ± 0 *>*H»f- ir * 

JWCjsur FT**-* > £ i: £ S 0 £ 
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mi 1 KKlK ^Jfe^JO I CUF«30PCHEi3 .fclPf-ir^A'jeiMilflt 

. mi i k*v»-c\ xi3m=f-2 o i *ceJtni**ifcs#stM-s-i±» 

^«'J 4 0 3 K#§&3:ft£ 0 > 4 0 3 14, Hl201/WD7f 

f- Y 7 4 to 9 4 1 1 K«»3*iatJEtfc3*L* 0 iSffiffcm-^14, 3K«4 1 
3, f- 4 1 5, jsXtfsH D7h7 I'-AHJBSM 1 9 fctt 

*"V ^A/jf %flU 1 5 f4, — >RiBiD/< 4 u y h > 3j?A"Sr jftttft 

-f ny h 4 1 7 0^dj» h 14, 

h 7 i^-AH|BS4 1 9*?>ofi*i:J:oT|(||?W, 

-f--\r*;u3f5eS|S4 1 5»CJ:o-C*Sg$*Lfcffiffl«»l4, «-*fl:S*t-Crt 
*MtHI«4 2 l:fc<fc UWfgM 2 3Ktt|&3*LSo /1-fn? ^n^w 

14, £*L&4>1ff*v >#)V\zm.i> iSw^ n y b Kffliz&lfzmfcl- ^ * 
v jfctt , -fc ^*ft*»Sfc k m o -t /u v v * f- a it * fclfcgM 
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M{K£frfc&^*0&&fMI-5!-a ? RAKE<§-j£gM 3 0 K{fcjj&$*t& 0 R 
5&ife0!l4 

01 4(4, *»IJ&tCj:*CDMA«P««O*4 3Ufc0»«» l2^f- 
^^OTiU-f-^-c^fll-S-K J: *=F»l'^U #£&l&*1-<2> fcO-Cife&o 

9 fell, g^t^^<ov^f-/Uff[:J:5ff uyj ii-P^t *l-Cv*£ 0 
^W-e*^»o L*Lfcrt«fe, RAKE*«i:fiv»-Ctt, t 1 



WO 96/42146 PCT/JP96/01582 

33 

tLtffl^T, S I R h iZfa±Z-£Z£^tf$>Z 0 

mi4\t. : W J: ^ *f A©Ti:HI$tLfcC DMAIIM<0, Hi 

z<d i cu 5 1 o - k3»\ in 5 Aizna-m i nt&m<o icu2i oti 

(1) T^V'-Z'J *fife*gK5 0 5 (505-1 - 5 0 5 - Lk) * 
mtzlz%tVfz& 0 Z.<7)=?&\y7V #Bfc*g&5 0 5 Ji^ * ;K7>t;u-^ 

IM1 4 0 4-kJi, H5 B©fMIS2 2 4 K»jtS U 

a*«^5 o i izm&ztitzgmtzwLm^si c^^iets:^-^ s «r®@u 

JHI5 0 4 - k l±, SfitJiWi 1 frhm (k - 1 ) a- if t:ov>Tli, 

± Ot^i (k + 1) frbnut •CcDA-'yirov^TIi, loHtroSH (i 
-l) xx-v?-e#t>^^T^uy;*S:^#*£:tfcM75^iiL5l<o 

*SB 5 0 5 K&*&£*7.* 0 

Til/^'J #l£*gB 5 0 5 l±. If t^^W^v^f/UC^^t^ 1 
OTtirofl (i-l) Xx-y^*#£ft£fl&Ov;i^/\-xo^^l'7'V # 
Mfi£tfcfll-§-S3 S L3lv»T o fckittf, Tmu-?*) 
SB 5 0 5 - 1 l± % m<r>m ( i - 1 ) x-f-- V-C&btit:* M2 •vyv + ^T* 
VX&O-r^Xvyrfr^-^Tsn^WV?!) ij fc, MittHS"* S 3 a»<c>3|v* 

tfiit f^f-y<OICUtiiEL!t:Ikf§^a-fO, Li 
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1 7-CSI£tfc$tL^ 0 &jb\ m 1 4 KiJ^-C, Lk (U-fkORAKE 

(2) OSfeifcgB 2 1 7?>ffi2j&, mXT-i?<Dy?)l'3-/*Xffi.<D 

Tilz/'JAiiLt, IBM^5 0 7 (5 0 7 - 1 - 5 0 7 - Lk) * 
htirtJ-tijlko Z.tib<D=f &UzfV *f4. *4>S& (i + 1) ^-r-vKfft 

&ib\ HHWICUTIi, T^l^yj #|&*S&5 04*3«tU r 505Srs 

{is ICU5 1 0rtW7-;f-F7^^2 1 1 ^WAJift LT, $41 

HI 5i±. «9i»CJ:«CDMAIIPaEllO»5*iS«0, l2Xf- 
HIl 5 H^-T* 5 HI 4 C^»4*lt«fcJI**/jSCI± % 
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WLmir^o ^M-f"S^J^fiiS5 2 1 (5 2 1 - 1 - 5 2 1 -Lk: 
mt LX?&it>2>ZttfX'&2> 0 2 3 it, m*^ttlS5 2 1 o£-ffl 

fetf>M*MlIti, Jt^Of^TliT^o^-cv^fc*!), i/<-fn? F7d-^ 

HI 6 AiSjctfl 6Bli. *§&miz X & C DMAIIHt^$6iM 
SB1 0 5 t, f£2 Xf-^HOfi+t >-t^SBl 0 7i3«fc CP 1 0 8 it, 
Sr^f -5 o Ml"«JMfcHlS 104li, t y b 7 -r l 0 3 *»feffl*« 
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^^i^ffltSo f"v*>u9 >>r% i o 5t±, ^^gu^^^aisi 0 
4 Oftfftt l/^n/KK CT, M*A*OJt— »foaPM 

i *-f eg 5 Atzm-r^wi** 

5"fe/M»fc*ft*jftl±, to 1 -»ka— ifo^+ir ^■feA'W*, f3'J 

El 1 6 Ai3 .fctf 1 6 BKj3V>T, 1-7-f ^^-6 0 1 (601-1 

- 6 0 1-k) li, 

9 1 0 5*6{IM&**tfcf **A'?5'**$ r tiMlltC* 

^v>T, I"**©** v»#a»& ka-*f wflMI-fcatafcifc 

f F7^^1 06t, ^^SB 1 0 5frh?>ffiWLiZ£ o t\ 

6 0 1 *»?»«>«**A*^^ h^fc LT, 2v»KT»KE*«*tfeatitlk^ 

fettHttfttt • ^$£$86 610(610-1 - 6 10-k) l±, 
IH5A4>ICU2 1 0*fev y*- h "7 * JU* 2 1 1 «rl!frv»fcfl*jR*#L,; 

fa u v-* 6 o 3 <7>tatim-%frt>to 1 -ikf t^Moftvyj * * 

ft*-*-*. 

* (k + 1) -*Ma-fKBLTtt, H 5 A fc^-*-* 1 
Wfl-fclWr**,, iSi£H2 0 3 , fit«2 0 4 , 

I CU2 1 014. to 1 3*EM«im*T**o - ? LT, £fi«4S-l"S/u© 
7civ»ki-rco^tli, f3>; l/-^ 6 0 3 Otis* Kgc^T^p^W 

#£3£5eU £©J6je ;: F»l'7 , ;**Jflv>TJ5t)«> (M-k) 
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tzov^Titt^MSSr^fv^, g<fi£iMH-§-<0 S I R =£tIpJ±$-** 0 fa'J 
6 0 3 ^i-Sil^'fbiaSti^OJ: 9 Kfr^o 1" fa »; 

SMTf-H. SS (k+1) a-Hf*»e,f|MA--«f«>#^^^?»O.M ; p»« 
-5§-tf>*fc fcoT. S I R* ? [S]±-r^o f3'Jl/-^ 6 0 3 ■CtttiE'fktfTo 

fcff^o iii<bka-f«f^l/r'J*li, ft (k+1) a-fOICU 

2 1 0 - ( k + 1 > an^^A* g 1 mmm t mm^fskm^n t> 

*IUfc«KJ:*i«\ illi^lo^^^tiSo fife*., f l^i 

v»^OJL-Hf3ft«, ^t*o/; 0 L*»L«:*«fe % ^HifefllTNi. StOOk 
.x--f tcttLTJi, f3'Jl/-? 6 0 3 i:J;oT, T^^^ > -b ^ £ fx o 
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ltfii:;K.&v>o dftfi, ^ Ht initio i~ & L T , fa'JV- 

* IrFU KitJta-f * ri> p, "C $> & o 

flifefl!7 

HI 7 A33 «fc 1 7Bli, #3&9iK J: S C DM AlilgtOi 7 HJfc0!l 

ISriffLTV^.i[T*4 0 -Tfcfr*,, 1 I C U Sr^^-#JT*^ I? jg t 
*^MM<V®J&& X Vftm ^i^ m 2 HiSfll £ «fc tffS 6 ^£ife08^ <b#^t:: 

ilf .uwe, i*n ft ft9§ (*?*-*-<&. 

SI 8AfcilFl 8 Bl±*%m\Z£ £ C DMAilHitOf 8$i^$: 

( 1 ) Wt >-t)V^7 00, 7 2 0t'J:lJ f 7 4 0«M^ El 4 O 
T^*^ 1 0 6, 1 0 7St) ! l 0 8©SUtJ:0 *> fSJMfcS *LT v> 

Hi QAiSitfl 9Bli, ^li3«tU f ^2Xx-vOT^^^>-t^gP 
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HI 9 AisXXfl 9 BK^-r^pgt^^-fc^S&a*, l5'Ai:^tfi*t 
>*)UUtm*Z&li. I C U 7 1 0 (710-1 - 71 0-M) fl) 
Mf8L-T?$>2> 0 I CU 7 1 Oil, jftffi««-?-«>fifc**»«>tt5£ • ttflt£ 
«tU f r y -^fiJ5e*1f to£v> 0 JUfcttfctt* H5AOICU2 1 0rt»e>, # 
j£H^2 12-216 &4rv»fc#Jft-e** 0 -T =0: ICU7 1 0 <DT y 

®tSB 2 1 7f4, */*x*>aKttttflr9-fc, #/<^©ft«l£lk«F-9-»cRIJMLfc 

-■9* l <Dmfc=?Wi'-7*) 1j Sjd) -e** 0 f7^^ 
2 l l -catffilkLfeW-f-*, itt*fc«l£i*tt2 l 7-eStettsr t i:ic 

T, « 1 *tt«fcJkttLTiattOttJ|t'ffc«ria*i t* J T|5o 

(2) i^f-5'Of»*+>'l:Jm7 4 0 Office:, /<-fny h 
F*3ff .41 P8 'RAKE £-Jft*fi#Hft!flt&8B 750, 760i3J:U r 770 £g| 

ft**OICU*?», ft Di(H), D2(H), —, Dm(H) 

JfMP^ • R AKE<frJfctti*HW*jfc»7 50, 7 6 0iJ:ff7 7 01:, * 
*L<r*vA2j£*i*o &i£SB7 5 OOflMtfclfcffcli. H 1 ^MM^> I CU2 
1 01*10, V7f I«7^^2 1 1 jfrfc-f-^flSfea^ 1 5 

T'*** >-fe/Hfc 7 4 0 75>^>^-f-Di(H) 4-^ft/c-7-7^ h 7 4 7 5 
114, iOt^t, o PCHE Wn^y^*' 
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flsTv^frgLMnfcU) 7 5 2l±, #/<-f n y h ^^XfrV &&&&&& 
^*;Ug?l&*i{f8B7 5 3 li, C Offi^i&ffiSE^fc, ^n 7 h*/'/# 

fti-^o R AKE£-j£g&7 5 4 Ji, ffi*S*fm£*L*:#^*«>#-t£, 45- '< 
^<^ff I**l*t LTRAKEMt-S. T'-^*)J^g|J7 5 5 ii % R 
AKE-&fi5c£*L£^£ipJ5ELT. S&t'- * £ ffi#1--5 „ Cl^LT, Ifi 

fllKjSV^TJl, H2 *-f-- v^coT^^r-V >±)^U 7 2 O^x #ICU73 
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O^OXUm^Z. *4 n v hftWffi® • R A K E -&Ji£iffi*t|SI8i&i&gB 7 
5 0 ICA^J LTV^ 0 



9 

1MIII 4 



lEttM 1 0 

m&Ltz£7 IZ^ D S - CDMACfi^tli, &mm%H> -7x.-'J> 

i Ri-fciz-tz&mnjjfflwzft ^£^* s **o 

&.-fe2M±* Sfifl-CS I R*WS£U *Ht Sms I Rtt& 

^ n - X K ;v - yiOlil* Mft * « CDMA *£fiiH§ \zMm Ltzm 

ot*ji#tt«>— 'W*jjsi-$ r ?"7-e**o a«m#«*P je»a: 
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*«K$*tfcfc Lti, £l&afl©vji/T^<*It:!*Tfc£v»Tlii£li 

ztiz%z> 0 i**SfcO©a«*»**3fe»citln3**fcafcii, _t 
Sflflff *t 9 tffl v»i i , fWSi'fiau S I RA J 

U #a«f t*^OSfllS I Rt5*J: >)-i|6l±tSo 

IfiiR^Wfll-f-O S I R 5rS!l5e1-*'j2^* s ^)*o -nu^-jL-nfffl 



• 
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ft *s y ** )v<r> Aiie £ & a & v> 0 

fiMmo-li-^-OS I R fc, ^OSUfflIjl@7i ? ^*T±i < fc£ 0 

tLt do 

S I R|6j_t£&*£, * n -*K* fcMfli-*-*2rffi 14, §1 

0 2 2 Ki3V*T, vy*- h 7-f 8 0 1 14, R C^&St^ri^Tii#S- 
*T9N (Nl*2 JBL±OSE») WlifCWLT, #a«ft**O^U 

S I RfflO^gU 8 0 2 J4, T?fh7U^801 <Di&ljm-%<0 SIR £«0 
^•f-2>o v^fa-ff^.t^-feJS 0 314, ttlfif ir*/UKov»-C, 
: F8le|fe*S*Lfc«-5-*iB#-r*o £ffia I B 'KiN£tt8 0 4(4, -r;u^o---»f 

#*-***4Sfcffl5ei-*o B«S I RRJS8S8 0 5 14, SMp°^S!I^S58 

CBtKS I RfcfcRje-ffco TPC (£«*A«UHI) If7ht«»8 0 6 
f4, S I R9ISe«8 0 2 *»€>»fe*LfcSfiS I R*, B*SIRtt£»8 
0 5 *tfcB|RS I R fcttttLT, a««»«I»fl|-9-«rfeJ«i-*o 

B2 3 A£ £^2 3 BI4, MfiSffl££B 8 0 4 i^Sill^it/n y ? 
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5£«ffilt*jgffl8 0 4 HI2 3B{±, ^n-^yy*>olO$ 

£iffiJ5eLT, D a n ^ £ Mfci" £ £M & M 8 0 4 *^Lr'v»i, £ 

wssei&fci&ttLTgsis i r «r*si-*©*B»i-*>K 
T^^^r 8 o 3 oa*»=ij»t*a*p , aK**-^ u sHRttAWtt 

© IIS I R«*»jE-t-*o Lfc^oT, TS** * >-t 9 8 0 3 Oj&U 

m2 3 ACiv^T, C R C-^i **«8 1 1 tt, vA^jl-*^*** 
8 0 3*»fcHi#**Lfc3£«f r -*Ci*L't\ CRC*t (Cyclic 
Redundancy Ckeck) fcfrOo £jft£lg3; It «fc £ fflffgUB S 

E&KJst** 7 lift*o*: fc«jgL. «jjt**0 Tar»t*Ltf, 7 U 

^«?^£ffi7J-f& 0 7W-A«ij^US^tt»feaj8 1 3li, 7 1/-A^ 

f^Liv>it*JtH!Lt, £€D 0 n ®£^-fM£ffi#1-&o S^SIR 
I£5eSB8 0 5 t±. :of*i:J:oTJ6!|S I R £^IEL. <1FjE$ ixfelt* 
S I R fcfctiTJ-f 

0 2 3Blc^i", /t>f ny Y*s>#)V<Dm*)miZ±2,gmS'unmiiE.&>8 
0 4 (±, #0 X K«jfi$it*o >*4 n y f -> >sK)U£jjt»8 2 1 14, /* 
* - ^BE&KO^-f n y Y is > )V * /*>f n-^ v^**;^*)^ 

W-&S&8 2 2 J±. TA"^.x— 9*^*** >-b7 8 0 3frbmt}Ztttz&m 
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n y h -> > 0 ^ L # ^liS§£S& 8 2 3 t±, ^-fnyh'/^* 

-T-So SiS I R a£^£l5 8 0 5 , CI O^-f-K £ o Tgifl S I R £^IE L * 
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